A study of viscosity for the binary mixtures of N,N-dimethylformamide with 2-butanol and 2-pentanol at atmospheric pressure and at temperatures between 298.15 K and 323.15 K have been measured over the entire range of composition. From these data, enthalpy of activation (∆ H ≠ ), excess enthalpy of activation (∆ H ≠ E ), entropy of activation (∆ S ≠ ), excess entropy of activation (∆ S ≠ E ) and interaction parameter (ɛ ) have been calculated. The Redlich-Kister polynomial equation was used for correlating all the results. The obtained data were compared with those available in literature. The behavior of alcohols and interactions between the components mixture was performed using different excess thermodynamic properties. A discussion of molecular interaction has been done between the components of the mixture.
INTRODUCTION
The viscosity (η) measurements find wide applications in characterizing the physicochemical behavior of liquid mixtures and in the study of molecular interactions in pure liquids and binary mixtures. Such data are used subsequently for research as well as industrial purposes. Among the physical properties of fluids needed to optimize the industrial process design, viscosity is one of the most important. In chemical industry, viscosity is necessary for hydraulic calculations, fluid transport through pipes and pore surfaces, and in many mass and energy transfers. 1 The thermodynamic properties of binary liquid mixtures containing protic, aprotic, and associated liquids have been studied previously. [2] [3] [4] [5] [6] Such properties provide insight about the state of liquids in pure as well as the mixed state along with the interactions operating among the constituent molecules and can also be used for the development or testing of theories or models describing the thermodynamic behavior of mixtures. [7] [8] [9] The thermodynamic properties of liquid mixtures in which the molecular interactions are mainly due to association through hydrogen bonding between carbonyl and hydroxyl groups have been studied earlier [10] [11] [12] The molecular interaction is associated with the alkanol hybrids, which are one of the most unique components as the alkonols group is so much polar, because of the deepness with other groups which is the attraction of the polar ends. 13 The binary liquid mixtures that are polar consists of one associative and other non-associative liquids, which provide much valuable information regarding the molecular interaction in solutions. [1] [2] [3] Among these kinds of associative liquids, the alcohols are the center of interest to scientists. Hydrogen bonding in liquid systems has been intensively studied for a long time and it is still subject to a lively scientific debate because of its outstanding role in chemical arena. 14 The amides containing multi-component solvent systems are interesting liquid systems for the study of molecular interactions. Because in chemical reactions and in many industrial processes the amides are the most common solvents used. Also, for the investigation of peptide and protein interactions in biological systems, amides are the convenient model systems. 15, 16 Molecular interactions of N,N-dimethylformamide (DMF) with some solvents reported by various thermodynamic and thermophysical measurements. 17 DMF is aprotic and unassociated in its pure liquid state. 18 Molecular interactions of DMF with some solvents reported by various thermodynamic and thermophysical measurements. Several topics and examples of thermodynamic studies are depicted on the basis of the structural behavior of DMF for binary and ternary mixtures of non-electrolytes. 19 Solutions of DMF are used to process polymer fibers, films, and surface coatings; to permit easy spinning of acrylic fibers, also to produce wire enamels, and as a crystallization medium in the pharmaceutical industry.
It is possible to determine the interesting properties by the binary mixtures of different alkanols due to their complexity, specific interaction, and hydrogen bond effects. [20] [21] [22] [23] Also, alcohols and ethers containing mixtures seem to be very interesting due to their increasingly used as additives to gasoline owing to their octane-enhancing and pollution reducing properties. 24 and these kinds of mixtures show a particular challenge in order to express the interaction behavior between the solutions. 25 Alkanols of short chain length have a greater proton-donor capacity, so the strength of bonding is expected to decrease with an increase in their chain lengths. Moreover, because of the relevant steric hindrance of alkyl groups, hydrogen bonds are weakened for higher alkanols, 26, 27 and hence, they influence physical properties of the alkanols correspondingly. Alkanols are the -OH functional group containing compounds bonded to a carbon atom. These polar liquids are self-associated through hydrogen bonding, creating multimers of different degrees. [28] [29] [30] This kind of association is disturbed when they are mixed with another solvent and when amide and alkanols are mixing, different intermolecular interactions take place, resulting in non-ideal behavior.
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EXPERIMENTAL SECTION
Materials and Method
2-BuOH (Aldrich, purity 99+%), 2-PnOH (Aldrich, purity 98%) and DMF (Aldrich, purity HPLC grade 99.9+ %) were used without further treatment as shown in Figure 1 . The viscosities of pure chemicals were compared with literature values, which cover satisfactory agreements as shown in Table 1 . All of the measurements on viscosities (η) were carried out on an Anton Paar, SVM 3000 (Austria-Europe) rotational Stabinger viscometer. The mixtures samples were prepared by mixing the pure components at different proportions up to 0.0001g, which was then converted into mole fraction. All the molar quantities used here are based on the IUPAC relative atomic mass 
RESULTS AND DISCUSSION
Viscosity and free energy
The measured data of viscosity, η, for the binary mixtures of 2-BuOH and 2-PnOH with DMF as the common component at different compositions and temperatures are calculated. The experimental viscosities, η, were fitted to the polynomial equation of the following form:
Here, ai is the i th fitting coefficient and x1 is the mole fraction of DMF. Eyring and his coworkers using absolute reaction rate theory and partition functions, correlated viscosity to , as follows: ), Vm is the molar volume for pure liquids or mixture, R is the molar gas constant (= 8.3145 JK -1 mol -1 ), T is the absolute temperature in Kelvin scale and is the observed viscosity in kgm -1 s -1 .
Enthalpy of activation and entropy of activation
According to the definition of G # eq. (2) 
Where, the subscripts 1 and 2 represent the pure components of the mixture. 
Interaction Parameter
According to Fort and Moore 54 Grunberg-Nission interaction parameter, ε may also be termed as an approximate index for estimating the strength of interaction between dissimilar components of a mixture during its flow. The Grunberg-Nissan interaction parameter (ε) was calculated by following the equation, where all the terms have their usual significances.
ln η = x1 ln η1 + x2 ln η2 + x1x2 ε
The values of ε are listed along with η and Δη for the respective system as in Table 4 & 5 and Figure 6 . Liquids having high η values are expected to be associated with high ∆H # , ∆S # . Thus, associated liquids are generally characterized by large ∆H # , ∆S # indicating that each of the activated species of this type need high energies in order to overcome high energy barriers. On the other hand, ∆H # , ∆S # values for all the non-associated or non-polar liquids obviously should have very low values. This is just in accordance to the observed increasing order of ∆H # , ∆S # : 2-PnOH > 2-BuOH > DMF and also extends to the systems in the whole region of concentration as: 2-PnOH + DMF > 2-BuOH + DMF. As the values of interaction parameter, ε, are all negative at all compositions it leads to suggest that, intermolecular interaction of any type between amide DMF with 2-BuOH and 2-PnOH turns to be weaker or non-specific during flow. Also, negative values of ∆H
#E , ∆S
#E their concentration dependences thus indicate that, all the 'activated' species within the mixtures of 2-PnOH + DMF and 2-BuOH + DMF require less energy (negative ∆H #E ) but greater order (negative ∆S #E ) compared to the 'inactivated' species, which were also in full support of negative interaction parameter, ε.
CONCLUSIONS
In conclusion, the molecular interaction of binary mixtures of N,N-dimethylformamide with 2-butanol and 2-pentanol have been measured at atmospheric pressure and at temperatures T = 298.15-323.15 K over the whole composition range. The viscosity and some of the thermodynamic parameters & their excess properties of binary mixtures of N,N dimethylformamide with 2-butanol and 2-pentanol have been discussed. The Redlich-Kister polynomial equation was used to correlate the results. From the experimental data, it was found that the negative values due to rupture of H-bonding in alcohol-DMF (weak association) during flow, which was also supported by positive ∆H # , ∆S # or ∆G # and their negative excess properties.
